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The  objective  of  this  research  was  directed  toward  the  identification  of 
the  characteristics  of  various  wastewater  streams  generated  from  military 
bare  bases.  Data  on  the  sources,  volume,  and  nature  of  military  waste- 
waters,  such  as  laundry  wastewater,  kitchen  and  dining  hall  wastewaters, 
shower  and  lavatory  wastewaters,  human  wastewater,  hospital  wastewater, 
photographic  wastewaters,  washrack  wastewaters,  and  combined  wastewaters, 
were  surveyed,  compiled  and  documented  in  this  report. 


Based  on  the  characteristic  data  for  field  kitchen,  shower  and  laundry 
wastewaters,  the  nature  of  combined  wastewaters  derived  from  these  three 
sources  at  various  flow  proportions  was  mathematically  calculated.  The 
calculated  data  for  combined  wastewaters  were  found  to  be  in  close  agreement 
with  the  meausred  data  for  actual  samples. 


Synthetic  wastewater  prepared  with  tap  water,  laundry  detergent, 
dishwasher  detergent,  ground  bar  soap,  Bentonite  clay,  lubricating  oil  and 
canned  dog  food  was  found  to  have  characteristics  similar  to  those  of  the 
combined  wastewater  derived  from  field  kitchens,  laundries,  and  showers. 
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1.0 


INTRODUCTION 


The  U.  S.  Army  Mobility  Equipment  Research  aid  Development 
Center  (USAMER DC)  has  authorized  Calspan  Corporation,  under  Contract 
No,  DAAK02-73-C-0206,  to  develop  test  method(s),  technique(s)  or 
device(s)  to  be  used  for  determining  the  optimum  operational  parameters 
in  a  carbon-polymer  system  designed  for  the  treatment  of  various  waste- 
waters  generated  in  field  military  facilities.  The  program  emphasizes  the 
use  of  existing  Army  Standard  water  purification  units  (described  in  Ref.  1) 
as  the  major  components  of  the  carbon-polymer  wastewater  treatment  unit. 

A  compilation  of  the  physical  and  chemical  characteristics  of 
various  wastewaters  generated  in  field  military  facilities  is  one  of  four 
research  tasks  to  be  undertaken.  This  report  summarizes  the  available 
data  on  the  quantities  and  characteristics  of  laundry  wastewater,  kitchen 
and  diningroom  wastewaters,  shower  and  lavatory  wastewaters,  human 
wastes,  hospital  wastewaters,  photographic  wastewaters,  washrack 
wastewaters,  and  combined  wastewaters. 

Synthetic  wastewater  prepared  by  tap  water,  biodegradable  laundry 
detergent,  dishwasher  detergent,  military  bar  soap,  Bentonite  clay, 

SAE-10  lubricating  oil  and  canned  dog  food  has  been  analyzed  for  its 
characteristics,  and  is  suggested  for  use  in  laboratory  investigations. 
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2.0 


SOURCES  AND  QUANTITIES  OF  WASTEWATERS 


The  major  water-consuming  operation  units  at  a  military  bare 
base  will  generally  consist  of  kitchens  (including  dining  rooms),  laundries, 
latrines  (including  lavatory  and  shower),  a  hospital,  and  an  industrial 
unit  (including  washrack  and  photographic  unit).  These  units,  in  turn,  are 
the  major  sources  of  wastewater.  The  average  water  requirements  for 
a  typical  1,  500-man  military  base,  as  listed  in  Table  1,  were  estimated 
by  the  U.  S.  Army  Mobility  Equipment  Research  and  Development  Center 
(USAMERDC).  On  the  basis  of  water  consumption  totaling  56,700  gpd  per 
1,500  men,  wastewater  flow  will  range  from  22  to  32  gpd  per  capita.  This 
is  due  to  the  fact  that  normally  only  60  to  80  per  cent  of  water  used  is 
channelled  to  the  wastewater  flow  (Ref.  2).  The  remainder  of  the  water, 
which  is  spent  for  human  consumption,  material  preparation,  spills, 
evaporation,  and  infiltration,  will  not  contribute  to  the  total  wastewater 
flow.  It  may  be  assumed  that  the  proportionate  wastewater  flows  arising 
from  the  aforementioned  major  sources  would  be  closely  related  to  the 
amount  of  water  usages  in  each  of  these  operations. 

Snoeyink  (Ref.  3)  has  also  compiled  data  on  the  wastewater  quantities 
for  another  military  field  base  having  the  wastewater  sources  of  kitchens, 
dining  rooms,  laundries,  showers,  lavatories,  latrines,  a  hospital,  wash- 
racks  and  photographic  units.  His  data,  indicated  in  Table  2,  were  estimated 
based  on  the  assumption  that  no  major  overhaul  maintenance  or  repair 
capabilities  for  military  facilities  are  planned  for  the  base.  It  is  seen  from 
Table  2  that  the  total  wastewater  of  the  military  base  for  each  1000-man 
increment  is  34,  150  gpd,  or  approximately  34  gpd  per  capita.  This  value 
is  in  agreement  with  the  range  of  22  tc  3?  gpd/capita  which  was  estimated 

by  the  USAMERDC  for  the  wastewater  flows  of  a  military  field  base  operation. 

Additional  information  for  the  Army  water  requirements,  the  water 
equipment  issued  to  the  Army  engineering  units,  and  the  Army  adopted  water 
and  waste  materiel  for  field  operations,  are  indicated  in  Appendices  I,  II  and 
III,  respectively.  Other  information  regarding  the  quantities  of  various 
wastewaters  generated  from  a  USAF  bare  base  can  be  found  from  References 
4  and  5. 
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SNOEYINK,  V.L.,  "USAF  MOBILITY  PROGRAM  WASTEWATER  TREATMENT  SYSTEM,"  1972 
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3.0  CHARACTERISTICS  OF  WASTEWATERS 

Valuable  data  regarding  the  characteristics  of  the  kitchen 
wastewater,  the  laundry  wastewater,  the  shower  wastewater,  and  the 
combined  wastewaters,  which  are  generated  from  the  field  military 
facilities  were  supplied  by  the  USAMERDC,  and  are  compiled  in  this 
report.  Many  of  the  other  data  were  originated  from  the  Environmental 
Health  Laboratory,  Kelly  Air  Force  Base,  Texas,  and  the  Air  Force 
Weapons  Laboratory,  Kirtland  Air  Force  Base,  New  Mexico. 

3.  1  Laundry  Wastewaters 

Pollutants  derived  from  laundry  wastewaters  consist  mainly  of 
synthetic  detergents,  bleaches,  soaps,  and  soil  from  clothing.  Some 
field  laundry  wastewaters  were  analyzed  by  the  USAMERDC  from  August 
to  September,  1972.  Both  the  raw  data  and  summarized  data  of  the 
wastewater's  characterization  are  documented  in  Table  3.  Important 
data  in  the  table  are  the  ranges  and  the  average  values  of  total  dissolved 
solids,  detergents,  total  phosphate,  total  hardness,  total  alkalinity,  5-day 
biochemical  oxygen  demand  (5-day  BOD),  and  total  organic  carbon  (TOC). 
The  characteristics  of  the  tap  water  used  in  conjunction  with  producing 
such  wastewater  were  also  analyzed  during  the  earlier  period  of  waste- 
water  characterization  studies  in  August  1972,  and  are  reported  in 
Appendix  IV.  T he  net  amount  of  a  specific  pollutant,  such  as  detergent, 
contributed  by  the  laundry  waste  can  be  calculated  by  subtracting  the 
detergent  content  of  tap  water  from  that  of  the  laundry  wastewater. 

It  is  assumed  that  the  laundry  wastewaters  generated  from  a 
military  base  are  similar  in  composition  to  commercial  laundry  waste- 
waters.  The  characteristics  of  commercial  laundry  wastewaters  have 
been  compiled  by  Snoeyink  et  al  (Ref.  3)  from  two  texts  (Refs.  6,  7),  and 
listed  in  Table  4  of  this  report  as  reference.  Valuable  data  in  Table  4 
are  the  ranges  of  suspended  solids,  total  solids,  volatile  solids,  alkalinity 
above  pH  7.0,  and  oil  and  grease  values,  which  do  not  appear  in  Table  3. 

The  5-day  BOD  data  analyzed  by  the  USAMERDC  was  339.  0  mg/l 
which  is  close  to  the  lower  end  of  the  BOD  range  (370-635  mg/l)  given 
by  References  6  and  7  for  commercial  laundry  wastewaters  (see  Tables 
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NOTES:  1.  FIELD  LAUNDRY  SAMPLE  ANALYZED  ON  3  AUGUST  1972; 

2.  POST  LAUNDROMAT  SAMPLE  ANALYZED  ON  14  AUGUST  1972; 

3.  POST  LAUNDROMAT  SAMPLE  ANALYZED  ON  5  SEPTEMBER  1972. 


Table  4 


3  and  4).  Significant  differences  between  the  military  laundry  waste- 
water  and  the  commercial  laundry  wastewaters  could  be  the  pH  and 
total  alkalinity.  Both  the  pH  and  total  alkalinity  of  the  military  laundry 
wastewaters  were  found  to  be  lower  than  that  of  commercial  ones. 

3.  2  Kitchen  and  Dining  Room  Wastewaters 

Waste  streams  derived  from  the  kitchen  and  dining  hall  contain 
dishwashing  debris  (detergents,  soaps,  greases,  food  and  beverage 
left-overs,  and  any  substances  deposited  on  dishes),  drain  cleaners, 
household  chemicals  (bleaches,  ammonia,  polishes,  waxes,  solvents, 
ink,  insect  sprays),  body  soil  and  other  liquid  or  semi-liquid  substances 
found  in  the  kitchen  or  dining  hall.  Raw  data  on  the  characteristics  of 
field  kitchen  wastewater  were  received  from  the  USAMERDC  and  are 
compiled  in  Table  5.  Important  characteristic  data,  as  indicated  in 
Table  5,  are  average  pH,  6.  5;  total  dissolved  solids,  346.  7  mg/l; 
detergent,  8.4  mg/l;  total  phosphate,  62.3  mg/l;  total  hardness,  33.7 
mg/l  as  Ca  CO^;  total  alkalinity,  145.  3  mg/l  as  CaCO^;  and  total  organic 
carbon,  183.  3  mg/l.  The  characteristics  of  the  related  tap  water  can 
be  found  from  Appendix  IV. 

Gouveia  and  Hooton  (Ref.  8)  analyzed  the  kitchen  waste  stream  at 
Williams  Air  Force  Base,  Arizona.  The  following  are  some  important 
characteristic  data  reported  by  Gouveia  and  Hooton:  oil  and  grease, 

578  mg/l;  total  solids,  3552  mg/l;  suspended  solids,  2500  mg/l;  chemical 
oxygen  demand,  2800  mg/l;  pH,  6.  0;  and  specific  conductance,  950 
micromhos /cm.  Special  attention  should  be  paid  to  its  high  COD  (2,800 
mg/l)  value.  Whether  the  kitchen  wastewater  analyzed  by  Gouveia  and 
Hooton  (Ref.  8)  contained  the  ground  garbage  and/or  the  dining  hall 
wastewater  is  unknown.  Additional  data  on  the  characteristics  of  kitchen 
wastewater  from  the  Air  Force  bare  base  are  indicated  in  Table  6. 

3.  3  Shower  and  Lavatory  Wastewaters 

Wastewaters  from  the  shower  rooms  will  contain  detergents, 
soaps,  greases,  drain  cleansers,  bleaches,  solvents,  insect  sprays, 
body  soil,  urine,  and  occasionally  vomitus  and  feces.  When  sinks  are 
installed,  additional  materials  such  as  toothpaste,  saliva,  and  nasopharyn¬ 
geal  mucus  will  be  included  in  the  waste  stream. 


Table  5 


NOTES:  1.  ANALYZED  ON  16  AUGUST  1972; 

2.  ANALYZED  ON  4  AUGUST  1972; 

3.  ANALYZED  ON  10  AUGUST  1972; 

4.  ANALYZED  ON  5  SEPTEMBER  1972. 
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No  quantitative  data  for  shower  wastewater  and  lavatory  waste- 
water  were  reported  in  the  published  literature.  The  data  in  Table  7 
indicate  the  characteristics  of  the  field  shower  wastewater.  These  data 
were  received  from  the  USAMERDC,  which  is  the  sole  source  of  information 
available. 

3.  4  Human  Wastewater 

A  military  latrine  produces  mainly  human  excreta.  According 
to  the  Ehlers  and  Steel's  text  (Ref.  9),  the  human  excreta  are  small  in 
daily  volume  per  capita,  averaging  about  83,000  mg  of  feces  and  970,000 
mg  of  urine  (including  water).  The  human  waste  includes  large  amounts 
of  water;  some  putrescible  organics,  amounting  to  about  2.  5  per  cent  of 
the  urine  and  20  per  cent  of  the  feces;  and  small  amounts  of  phosphorous, 
nitrogen,  sulfur,  and  other  inorganic  compounds.  The  text  also  states  that 
when  the  human  excreta  is  diluted  with  water  to  form  human  wastewater 
(i.  e.  ,  sewage),  at  the  rate  of  30  to  100  gpd  per  capita,  an  average  human 
wastewater  may  have  about  800  mg/l  of  solids,  so  composed  that  300  mg/l 
will  be  in  suspension  and  500  mg/l  in  solution.  About  50  percent  of  the 
total  wastewater  solids  will  be  organic  and  therefore  putrescible. 

Webb  (Ref.  17)  has  reported  the  contaminants  from  urine  and 
feces  on  the  weight  per  capita  per  day  basis.  His  data  are  summarized 
in  Table  8  for  reference.  It  should  be  noted  that  Ehlers  and  Steels 
data,  averaging  about  83,000  mg/capita/day  of  feces  and  970,000  mg/ 
capita/day  of  urine,  include  the  weight  of  water  in  the  human  wastes. 

Webb's  data,  29,010  mg/capita/day  of  feces  and  77,840  mg/capita/day 
of  urine,  are  total  solids  (see  Table  8)  which  exclude  the  water. 

Two  other  sources  of  information  (Refs.  4,  10)  on  human  waste- 
water  are  limited  to  only  the  wastewater's  solids  concentration.  The 
Garrett  Airesearch  Corporation  (Ref.  4)  and  the  Air  Force  Weapons 
Laboratory  (Ref.  10)  reported  the  solids  concentration  of  human  waste- 
water  to  be  15  percent,  and  5.6  to  6.7  percent,  respectively.  It  is  not 
clear  from  the  papers  whether  the  human  wastes  analyzed  were  diluted 
with  toilet  waters. 
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T  able  7 

CHARACTERISTICS  OF  FIELD  SHOWER  WASTEWATER 


ALL  PARAMETERS  EXCEPT  TOC  WERE  ANALYZED  ON  2  AUGUST  1972; 

TOC  OF  THE  SHOWER  WASTEWATER  WAS  ANALYZED  ON  28  AUGUST  1972. 


More  detailed  data  on  the  characteristics  of  human  wastewater 
have  been  reported  by  Hernandez  et  al  (Ref.  20).  Samples  of  human 
wastes  were  collected  aboard  a  U.  S.  Navy  ship,  USS  FULTON  (AS-11), 
for  physical,  biological,  bacteriological  and  chemical  analysis.  The 
ship's  piping  was  modifeid  so  that  the  representative  combined  human 
wastewater  could  be  collected.  Twenty-five  waste  samples  were  taken 
over  a  three-day  period.  Results  of  these  analyses  are  shown  in  Table  9. 

It  should  be  pointed  out  that  the  chloride  content  and  total  solids  content 
of  the  human  wastewater  on  shipboard  were  analyzed  to  be  high.  This  is 
due  to  the  fact  that  sea  water  was  used  as  the  flushing  water  on  shipboard. 

The  human  wastewater  (including  flushing  water)  generated  from  military 
latrines  on  land  is  believed  to  have  similar  characteristics  as  that  listed 
in  Table  9  except  that  the  chloride  content  and  the  total  solids  content 
should  be  lower. 

3.  5  Hospital  Wastewater 

The  wastewater  streams  from  a  hospital  will  contain  pollutants 
similar  to  those  from  a  military  unit  having  the  kitchen,  laundry,  latrines 
and  showers.  Besides,  hospital  wastewaters  will  also  include  blood, 
disinfectants,  drugs,  laboratory  chemicals,  and  X-ray  processing  chemicals. 
According  to  a  report  from  U.  S.  Army  Environmental  Hygiene  Agency 
(Ref.  11),  the  average  concentrations  of  major  pollutants  in  the  combined 
hospital  waste  stream  are:  detergent,  75  mg/l  as  ABS;  chromium,  1.05 
mg/l;  lead,  0.32  mg/l;  phosphate,  166  mg/l;  COD,  870  mg/l;  and  oil  and 
grease,  43.4  mg/l.  The  conductivity  of  the  waste  stream  averages 
1,530  micromhos /cm. 

3.  6  Photographic  Wastewater 

The  photographic  wastewater  discharged  from  a  military  base 
includes  about  10  percent  processing  liquids  and  90  percent  washwater. 
Generally,  the  EA-4  chemical  process  is  the  common  process  used  in  a 
military  base.  The  COD  values  of  the  concentrated  processing  liquid 
waste  (excluding  washwater)  and  the  total  combined  wastewater  (including 
washwater)  were  analyzed  to  be  78,  500  mg/l  and  8,  108  mg/l,  respectively, 
by  Lefebvre  et  al  at  Kelly  Air  Force  Base,  Texas  (Ref.  12).  The  COD-to- 
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5-day  BOD  ratio  for  either  the  concentrated  processing  liquid  or  the 
total  combined  wastewater  was  estimated  to  be  4.4 

The  concentrated  fractionation  of  photographic  wastewater 
(excluding  washwater)  has  very  high  heavy  metals  content;  such  as: 
lead,  0.57  mg/1;  zinc,  0.30  mg/1;  silver,  214.0  mg/1;  chromium, 

2.66  mg/1;  iron,  15  mg/l;  copper,  0.05  mg/l;  manganese,  0.05  mg/l; 
and  cadmium,  0.09  mg/l  (Ref.  12). 

3.  7  Washrack  Wastewaters 

Simple  washing  operation  is  always  expected  at  a  military  bare 
base.  The  washrack  wastewaters  can  generally  be  subdivided  into  two 
basic  fractions.  The  first  fraction  is  composed  mainly  of  those  materials 
in  the  dirt  films,  such  as  soil,  grease,  oil,  oxidized  metal  particles  and 
salts.  The  second  fraction  consists  mainly  of  detergents,  soaps,  and 
solvents  which  are  used  to  clean  the  surfaces  of  vehicle,  watercraft, 
aircraft  or  any  other  equipment. 

A  series  of  technical  reports  prepared  by  the  USAF  Environmental 
Health  Laboratory  at  Kelly  Air  Force  Base  (Refs.  13,  14,  15,  16)  have 
presented  some  data  on  the  characteristics  of  vehicle  and  aircraft  washrack 
wastewaters  generated  from  some  Air  Force  bases.  Table  10  indicates 
some  data  of  washrack  wastewater  from  George,  Dover  and  Me  Chord  Air 
Force  bases  which  originally  were  summarized  by  Snoeyink  et  al  (Ref.  3). 

It  was  reported  (Ref.  3)  that  the  analyses  were  based  on  many  daily 
composite  samples  being  collected  in  a  manner  which  excluded  free  oil 
and  grease  and,  to  some  extent,  settleable  solids.  Some  washrack  waste- 
water  flows  investigated  even  contained  storm  run  off. 

There  is  wide  variability  in  characteristics  and  quantity  of  wash- 
rack  wastewater  from  installation  to  installation  due  to  the  differences  in 
operation,  maintenance,  type  of  cleaning  agents,  and  method  of  waste- 
water  transport.  However,  the  general  characteristics  of  the  vehicle, 
watercraft,  aircraft,  and  equipment  washrack  wastewaters  are  very 
similar  to  those  of  each  other.  Table  10  indicates  that  the  COD,  BOD, 
oil  and  grease,  detergent,  phenol,  and  heavy  metals  content  would  be 


high  for  a  combined  washrack  wastewater.  Oil  and  grease  usually  form 
stabilized  emulsions  due  to  the  action  of  the  emulsifier  found  in  the 
detergents.  These  oil  and  grease  emulsions  were  found  to  be  difficult 
to  remove  from  the  washrack  wastewater. 

3.  8  Combined  Wastewaters 

The  characteristics  of  various  combined  waste  streams  will  be 
important  information  for  an  operator  to  decide  the  chemicals'  dosage 
when  combined  waste  treatment  is  considered.  Two  possible  waste 
combinations  for  the  Air  Force  bare  bases  have  been  researched  (Ref.  3). 
If  only  hospital,  shower,  lavatory,  kitchen,  dining  room,  and  laundry 
wastes  are  combined  (excluding  photographic  and  washrack  wastewaters), 
the  total  solids,  suspended  solids,  and  5-day  BOD  of  such  combined  waste 
will  be  approximately  750  mg/1,  510  mg/1  and  434  mg/1,  respectively. 

If  all  the  aforementioned  waste  streams  including  photographic  and 
washrack  wastewaters,  are  combined  together,  the  total  solids,  suspended 
solids  and  5-day  BOD  of  the  combined  waste  will  be  approximately  800 
mg/1,  454  mg/1  and  410  mg/1,  respectively.  These  data  were  estimated 
based  on  the  proportions  of  major  wastewater  flows  indicated  in  Table  2. 

Characteristic  data  on  some  combined  wastewaters  from  the 
sources  of  field  showers,  laundries  and  kitchens  were  received  from 
the  USAMERDC,  and  are  reported  in  Table  11. 

It  is  of  interest  to  note  that  the  nature  of  a  specific  combined 
wastewater  can  be  mathematically  estimated  when  both  the  quality  and 
the  percent  flow  of  each  participating  waste  stream  are  known.  The 
characteristic  data  of  laundry,  kitchen  and  shower  wastewaters  have 
been  compiled  in  Tables  3,  5  and  7,  respectively;  their  TOC  data  are 
listed  in  the  top  portion  of  Table  12  as  the  control  information.  The 
minimum,  average  and  maximum  TOC  data  for  four  combined  waste- 
waters,  as  listed  in  the  first  column  of  Table  12,  were  estimated  based 
on  the  following  material  balance  equation: 


Q1  +  Q2  C 2  +  Q3  C3  + 


+  Q  C 
n  n 
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=  i  =  1 


(Q.  C.) 
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Table  11 

CHARACTERISTICS  OF  FIELD  COMBINED  WASTEWATERS 
(SOURCE:  U  S.  ARMY  MOBILITY  EQUIPMENT  RESEARCH  &  DEVELOPMENT  CENTER) 
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SAMPLES  ANALYZED  ON  5  SEPTEMBER  1972. 
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where  Q^,  Q^,  and  Qn  are  the  flow  (or  percent  flow)  of  shower  waste- 

water,  laundry  wastewater,  kitchen  wastewater,  and  any  other  wastewater, 
respectively;SQ  is  the  summation  of  Q  j,  C^,  Q3 ,  ...  ,  and  Qn;  and  Cj, 

C^i  C^,  Cn>  and  are  the  concentration  parameters  (such  as  TOC,  BOD, 
etc  .)  of  shower  wastewater,  laundry  wastewater,  kitchen  wastewater,  any 
individual  wastewater,  and  combined  wastewater,  respectively.  Actual 
analyzed  TOC  data  of  four  different  combined  wastewaters,  as  indicated  in 
the  second  column  of  Table  12,  are  selected  from  Table  11.  It  is  seen  from 
Table  12  that  the  analyzed  TOC  data  of  combined  wastewaters  A,  C  and  D 
are  very  close  to  their  calculated  average  TOC  values,  while  the  analyzed 
TOC  of  combined  wastewater  B  is  close  to  its  calculated  maximum  TOC. 

It  is  apparent  that  data  on  the  nature  and  the  flow  of  each  individual 
wastewater  stream  are  necessary  for  estimating  the  nature  of  the  combined 
wastewater.  Much  data  regarding  wastewater  contaminant  parameters  at 
a  military  bare  base  are  already  available  in  this  report  and  from  other 
published  materials.  However,  additional  effort  is  still  required  to 
establish  reliable  information  on  the  percent  flow  of  every  participating 
waste  stream  in  the  combined  wastewater  to  be  considered  at  various 
operation  times,  such  as  morning,  noon,  afternoon,  and  evening. 

Another  alternative  is  using  flow  meters  to  measure  the  flow  of 
each  individual  wastewater  stream.  Knowing  the  flow  (measured  data)  and 
nature  (surveyed  data)  of  every  participating  waste  stream,  the  operator  can 
then  calculate  the  nature  of  combined  wastewater,  and  decide  the  chemical 
dosages  for  wastewater  treatment.  The  feasibility  of  measuring  the  flows 
of  major  wastewater  streams  in  a  military  field  remains  unknown  until 
an  extensive  field  investigation  is  conducted. 
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4.0  SYNTHETIC  WASTEWATER 

Preparing  a  suitable  synthetic  wastewater  for  the  experimentation 
would  provide  many  advantages  over  using  the  actual  field  waste  samples, 
such  as: 

•  The  time-consuming  field  sampling  effort  can  be  avoided; 

•  Synthetic  wastewater  of  known  concentration  can  be  used  to 
determine  the  effectiveness  of  an  analytical  technique,  or  an 
analytical  instrument; 

•  Synthetic  wastewater  of  constant  characteristic  or  strength  can 
be  prepared  for  the  laboratory  optimization  studies;  so  that  the 
optimum  operational  (both  chemical  and  physical)  parameters 
of  a  wastewater  treatment  system  can  be  established  for  a 
specific  strength  of  wastewater  being  considered;  and 

•  Varying  the  strength  of  synthetic  wastewater  in  optimization 
studies  would  lead  to  establish  the  chemical  dosage  requirements 
at  various  influent  pollution  loads. 

The  particular  synthetic  wastewater  was  formulated  in  this  research 
in  a  manner  that  its  characteristic  was  similar  to  that  of  combined 
wastewater  derived  from  military  field  kitchens,  showers  and  laundries, 
and  similar  to  that  of  domestic  sewage. 

4.  1  Materials  Used 


Synthetic  wastewater  was  prepared  with  tap  water,  biodegradable 
laundry  detergent,  dishwash  detergent,  ground  bar  soap,  Bentonite  clay, 
lubricating  oil,  and  canned  dog  food.  The  sources  of  these  materials  are 
described  in  detail  as  follows: 

•  Tap  water  --  Laboratory  tap  water  at  Calspan  Corporation, 
Buffalo,  New  York; 

•  Biodegradable  laundry  detergent  --  Cold  Power  manufactured 
by  Colgate-Palmolive  Co.,  New  York,  New  York.  It  contains 
sodium  sulfate,  sodium  silicate,  alkylbenzene  sulfonate,  saop, 
ethoxylated  alcohol,  moisture,  carboxymethylcellulose,  cold 
water  brighteners,  aluminum  silicates,  colorant  and  perfume; 

•  Automatic  dishwasher  detergent  --  Cascade  Detergent  manu¬ 
factured  by  Procter  8c  Gamble,  Cincinnati,  Ohio.  Cascade 
contains  complex  sodium  phosphates,  chlorinated  trisodium 
phosphate,  nonionic  surfactant,  sodium  silicate,  sodium  sulfate, 
colorant  and  perfume; 
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•  Ground  bar  soap  --  Military  soap  received  from  the  U.S. 

Army  Mobility  Equipment  Research  and  Development 
Center,  FortBelvoir,  Virginia; 

•  Clay  --  Powdered  Volclay  Bentonite  SPV  supplied  by 
American  Colloid  Company,  Skokie,  Illinois.  It  contains 
silica,  aluminum,  iron,  magnesium,  sodium,  potassiun, 
calcium,  and  others; 

•  Lubricating  oil  --  Heavy  Duty  (HD)  oil,  grade  SAE-10, 
supplied  by  Penn  Corporation,  Butler,  Pa.  ; 

•  Canned  dog  food  --  Blue  Ribbon  Recipe  (balanced  and 
complete  nutrition),  packed  by  Rival  Pet  Foods,  A  Division 
of  Associated  Products,  Inc.  ,  Bridgeview,  III.  It  contains 
protein,  fat,  fiber,  moisture,  vitamins,  minerals,  and  ash. 

4.  2  Analytical  Methods  and  Apparatus  Used 

Dissolved  oxygen,  pH,  immediate  dissolved  oxygen  demand 
(IDOD),  chemical  oxygen  demand  (COD),  suspended  solids  (SS),  total 
solids,  dissolved  solids,  5-day  biochemical  oxygen  demand  (5-day  BOD), 
total  phosphate,  and  chloride  were  analyzed  according  to  Standard  Methods 
(Ref.  21). 

Total  alkalinity,  total  carbon  (TC),  and  total  organic  carbon  (TOC) 
were  analyzed  following  the  methods  and  procedures  given  by  Environmental 
Protection  Agency  (Ref.  22).  A  Beckman  Model  915  Total  Organic  Carbon 
Analyzer  was  used  to  analyze  TC  and  TOC. 

Dissolved  protein  determination  was  made  by  the  Folin  method 
(Ref.  23). 

Oil  and  grease  was  determined  following  Standard  Method  (Ref.  21) 
with  chloroform  as  solvent. 

Resistivity  was  measured  by  a  Calspan  developed  Spill  Tracing 
Kit  (Ref.  24). 


Turbidity,  total  hardness,  sulfate,  and  silicate  were  analyzed 
with  a  Delta  Scientific  Model  260  Water  Analyzer  (Ref.  25). 

All  samples  being  analyzed  for  their  dissolved  protein,  dissolved 
solids,  dissolved  COD,  dissolved  total  carbon,  and  dissolved  total  organic 
carbon  were  filtrates  through  0.45  p.  millipore  filters. 


Formulation  and  Characteristic  of  Synthetic  Wastewater 


4.  3.  a.  Preparation  of  Synthetic  Samples 

Synthetic  wastewater  was  prepared  according  to  the  formulation 
indicated  in  Table  13.  Each  ingredient  was  assigned  a  notation,  such  as 
F^  representing  laboratory  tap  water,  F^  representing  biodegradable 
laundry  detergent,  and  so  forth. 

In  order  to  have  thorough  understanding  on  the  characteristics  of 
seven  materials  used  for  synthetic  wastewater  preparation,  seven  samples 
were  prepared  according  to  the  following  general  formula, 

i  =  N 
S  (Fi) 
i  =  1 

The  first  sample  (N  =  1),  as  indicated  in  Table  14,  was  simply  tap  water; 
the  second  sample  (N  =  2)  was  the  mixture  of  tap  water  and  biodegradable 
laundry  detergent  (i.  e.  ,  F^  +  F^);  and  so  forth.  The  seventh  sample  (N  =  7) 
containing  all  seven  materials  was  the  final  product,  synthetic  wastewater. 

4.  3.  b.  Results  of  Chemical  and  Physical  Analyses 

Table  14  indicates  the  results  of  analyses.  Its  first  column  presents 
the  characteristic  data  of  tap  water  used  for  samples  preparation. 

It  was  observed  that  total  solids,  suspended  solids  and  turbidity 
all  increased  when  any  one  of  six  materials  was  added  to  the  tap  water. 

pH  values  of  seven  samples  indicated  in  Table  14  were  closely 
related  to  their  total  alkalinity  data.  Adding  laundry  detergent  and  dish¬ 
washer  detergent  increased  both  pH  and  total  alkalinity.  The  addition  of  soap, 
clay,  oil  and  dog  food  had  no  significant  effect  on  pH  or  total  alkalinity. 

Certain  substances  present  in  the  detergents  and  soap  reacted  with 
hardness-causing  substances  (such  as  calcium  or  magnesium)  in  the  tap 
water,  and  formed  insoluble  precipitates.  Therefore,  a  reduction  in  total 
hardness  of  water  by  adding  detergents  and  soap  to  water  was  observed 
(see  Table  14).  Resistivity  of  water  samples,  in  turn,  reduced  when  soluble 
hardness-causing  substances  became  insoluble  due  to  the  addition  of  detergents 
and  soap.  Clay,  oil  and  dog  food  had  no  effect  on  both  total  hardness  and 
resistivity. 
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From  the  silicate  data  reported  in  Table  14,  it  is  seen  that 
laundry  detergent,  dishwasher  detergent  and  dog  food  contributed 
silicate  content  to  the  synthetic  wastewater.  Soap,  clay  and  oil  did  not 
contribute  any  silicate  content  to  the  synthetic  sample. 

Total  phosphate  data  in  Table  14  demonstrate  the  following  facts: 

(1)  Cold  Power  laundry  detergent,  indeed,  is  a  low-phosphate  detergent; 

(2)  Cascade  dishwasher  detergent  is  the  major  phosphate  contributor  to 
synthetic  wastewater;  and  (3)  soap,  clay,  oil  and  dog  food  contain  low  or 
no  phosphate. 

Of  six  kinds  of  materials  added  to  the  tap  water  for  synthetic 
wastewater  preparation,  only  laundry  and  dishwasher  detergents  were 
found  to  increase  sulfate  content  significantly.  These  two  materials  also 
produced  an  insignificant  increase  in  chloride. 

Dissolved  protein  of  synthetic  samples  was  analyzed  by  Folin 
Method  (Ref.  23).  The  lowest  detecting  limit  was  found  to  be  15  mg/1 
as  gelatin.  Therefore,  the  dissolved  protein  content  of  six  control 
samples  indicated  in  Table  14  (N  =  1  to  6  )  is  not  meaningful.  Dissolved 
protein  content  of  synthetic  wastewater  (N  =  7),  however,  was  analyzed 
to  be  30  mg/1.  It  is  conceivable  that  most  of  protein  present  in  dog  food 
would  be  insoluble  matter. 

Oil  and  grease  of  samples  was  analyzed  following  the  Standard 
Method  (Ref.  21)  with  chloroform  as  solvent.  It  is  understandable,  from 
Section  4.  1,  that  the  laundry  and  dishwasher  detergents  used  for  sample 
preparation  did  not  contain  oil  and  grease  in  noticeable  amounts.  However, 
when  laundry  detergent,  dishwasher  detergent,  and  soap  were  added  one 
by  one  to  the  water,  the  oil  and  grease  showed  up  significantly  (see  Table 
14).  This  can  be  explained  by  the  fact  that  most  of  surface  active 
substances  present  in  the  detergents  and  soap  are  chloroform  extractable. 
The  oil  and  grease  data  for  Samples  N  =  2,  3  and  4  should  be  interpreted 
as  chloroform  extractable  substances  instead  of  oil  and  grease. 

Oil  and  grease,  total  organic  carbon,  total  carbon,  dissolved  COD, 
and  dissolved  solids  of  Sample  N  =  5  all  decreased  as  Bentonite  clay  was 
added  to  the  solution  containing  detergents  and  soap.  It  is  conceivable 
that  clay  acted  as  an  adsorbent  as  it  presented  in  the  synthetic  sample. 
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The  added  lubricating  oil  (Sample  N  =  6),  small  amount  but  in 
emulsified  form,  was  observed  to  increase  turbidity,  total  solids, 
total  carbon,  total  organic  carbon,  and  oil  and  grease  to  a  limited 
extent.  It  should  be  noted  that  dissolved  solids,  dissolved  total  carbon, 
dissolved  total  organic  carbon,  and  5-day  BOD  of  Sample  N  =  6  were 
all  lower  than  that  of  Sample  N  =  5.  It  has  been  mentioned  earlier  in 
Section  4.2,  all  samples  being  analyzed  for  their  dissolved  solids, 
dissolved  total  carbon,  dissolved  total  organic  carbon  were  filtrates 
through  0.45  p.  Millipore  filter  papers.  Oil  might  coagulate  or  agglom¬ 
erate  with  certain  dissolved  or  colloidal  solids  in  the  sample.  Both  oil 
and  agglomerated  substances  could  be  lost  during  the  Millipore  filtration 
procedure.  In  turn,  lower  dissolved  solids,  dissolved  total  carbon,  and 
dissolved  total  organic  carbon  were  observed.  The  author,  however,  gives 
no  explanation  of  why  5 -day  BOD  of  Sample  N  =  6  was  lower  than  that  of 
Sample  N  =  5. 

Dog  food  was  added  to  Sample  N  =  7,  and  was  found  to  be  a  signi¬ 
ficant  contributor  of  turbidity,  silicate,  total  solids,  suspended  solids, 
dissolved  protein,  total  COD,  total  TC,  total  TOC,  5-day  BOD,  and  oil 
and  grease,  to  the  synthetic  wastewater. 

4.  3.  c.  Characteristic  of  Synthetic  Wastewater 

Characteristic  data  for  synthetic  wastewater  are  listed  in  the 
last  column  (N  =  6)  of  Table  14.  Characteristic  data  of  combined  waste- 
water  from  field  military  installations  (i.  e.  ,  showers,  laundries  and 
kitchens),  as  shown  in  Table  11,  and  of  domestic  sewage,  as  shown  in 
Appendices  V  and  VI  will  be  compared  with  the  data  of  synthetic  wastewater. 

Comparison  Between  Synthetic  Wastewater  and  Combined 

Field  Wastewater 

It  is  encouraging  to  see,  from  data  in  Tables  11  and  14,  that  the 
prepared  synthetic  wastewater  has  composition  very  similar  to  that  of 
combined  wastewater  derived  from  field  showers,  laundries,  and  kitchens. 
Data  for  turbidity,  total  dissolved  solids,  total  alkalnity,  chloride,  5-day 
BOD  and  total  organic  carbon  are  in  good  agreement. 
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Synthetic  wastewater  has  higher  total  hardness  than  that  of 
combined  field  wastewater  because  high  hardness  tap  water  was  used 
for  preparing  the  synthetic  sample  (see  Table  14);  while  low  hardness 
tap  water  was  used  in  the  military  field  program  during  the  period 
when  the  field  wastewater  samples  from  kitchens,  showers  and  laundries 
were  taken  (See  Appendix  IV). 

The  total  phosphate  concentration  of  combined  field  wastewater, 
as  shown  in  Table  11,  ranged  from  48  to  127  mg/1,  probably  due  to  the 
use  of  high-phosphate  laundry  detergent.  With  stricter  legislation  forcing 
limitations  on  the  use  of  high-phosphate  laundry  detergent,  non-phosphate 
Cascade  detergent  was  selected  for  preparing  synthetic  wastewater. 
Although  the  total  phosphate  level  of  synthetic  wastewater  was  as  low  as 
30  mg/l,  it  will  be  closer  to  levels  expected  for  future  field  wastewater. 

A  large  difference  exists  between  the  sulfate  and  silicate  contents 
of  synthetic  and  actual  wastewaters.  This  difference  might  also  be 
contributable  to  the  use  of  different  types  of  detergents. 

Comparison  Between  Synthetic  Wastewater  and  Domestic 

Sewage 

Much  of  the  combined  wastewater  generated  from  a  military  field 
base  would  be  similar  to,  although  not  exactly  the  same  as,  typical 
domestic  sewage  containing  waste  constituents  from  houses,  apartments, 
restaurants,  hospitals,  and  institutions.  Physical  characteristics  of 
domestic  sewage,  as  indicated  in  Appenix  V,  were  qualitatively 
described  by  McGauhey  (Ref.  26).  Quantative  characteristics  of  domestic 
sewage  were  found  from  Babbitt  and  Baumann's  text  (Ref.  27)  and  are  listed 
in  Appendix  VI  for  the  purpose  of  comparison.  Critical  characteristic 
parameters  of  laboratory-prepared  synthetic  wastewater  are  total  solids, 
total  suspended  solids,  total  dissolved  solids,  5-day  BOD,  chlorides,  total 
alkalnity  and  oil  and  grease,  which  all  fall  in  the  range  of  domestic 
sewage  composition.  According  to  Babbitt  and  Baumann's  classification 
(Ref.  27),  the  synthetic  wastewater  is  approximately  equivalent  to  a 
domestic  sewage  of  medium  strength  based  on  the  following  facts: 
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Constituent  of 
Synthetic  Wastewater 
(all  values  in  mg/l) 

Total  Solids  =  676 

Total  Suspended  Solids  =  398 

Total  Dissolved  Solids  =  478 

5-day  BOD  =  1 6 Z 

Chlorides  =  34 

Total  Alkalinity  =  166 

Oil  and  Grease  =  47 


Classification 
of  Sewage  Strength 
(see  Appendix  VI) 

Medium  -  Strong 
Medium  -  Strong 
Medium  -  Strong 
Weak  -  Medium 
Weak  -  Medium 
Medium  -  Strong 
Strong 


Synthetic  Wastewater  Alternative 

If  photographic  wastewater,  washrack  wastewater  and  hospital 
wastewater  are  also  included  in  the  combined  wastewater  stream  for 
treatment,  the  pollutant  parameters  that  characterize  the  combined 
wastewater  will  include  not  only  general  parameters  for  typical  domestic 
sewage  such  as  BOD,  solids,  oil  and  grease,  etc,  ,  but  also  additional 
parameters  which  quantify  certain  constituents  present  in  the  bare  base 
wastewater  such  as  toxic  heavy  metals,  refractory  organics,  etc. 

In  such  a  case,  additional  toxic  heavy  metals  and  refractory  organics 
should  also  be  added  to  the  synthetic  wastewater  formulation  indicated 
in  Table  13. 
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These  materials  are  not  included  in  the  wastewaters  to  be  investigated 
under  the  present  contract. 


5.0  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

The  task  of  this  research  was  directed  toward  the  identification 
of  the  characteristics  of  various  wastewater  streams  generated  from 
military  bare  bases.  The  data  and  information  on  wastewater  character¬ 
ization  was  gathered  from  available  literature  with  assistance  of  the 
USAMER DC  Project  Officer,  Mr.  Robert  Ross.  A  concise  summary, 
conclusions  and  recommendations  are  given  as  follows: 

1.  Data  on  the  sources,  volume,  and  nature  of  military  waste- 
waters,  such  as  laundry  wastewater,  kitchen  and  dining  hall  wastewaters, 
shower  and  lavatory  wastewaters,  human  wastewater,  hospital  wastewater, 
photographic  wastewaters,  washrack  wastewaters,  and  combined  waste- 
waters,  were  surveyed,  compiled,  and  documented  in  this  report. 

2.  Based  on  the  characteristic  data  for  field  kitchen,  shower 

and  laundry  wastewaters,  the  nature  of  combined  wastewaters  derived  from 
these  three  sources  at  various  flow  proportions  was  mathematically 
calculated.  The  calculated  characteristic  data  for  combined  wastewaters 
were  found  to  be  in  close  agreement  with  the  measured  data  for  actual 
samples. 

3.  Data  on  the  nature  and  the  flow  of  each  individual  waste 
stream  are  necessary  for  estimating  the  nature  of  the  combined  waste- 
water.  Although  the  nature  of  possible  contributing  waste  streams  has 
been  surveyed,  and  documented,  information  on  the  flow  of  each  individual 
waste  stream  at  various  operation  times  is  not  available.  It  is  suggested 
that  these  flow  rates  be  investigated. 

4.  On-site  analyses  of  combined  wastewater  characterization 
would,  indeed,  provide  information  to  determine  the  chemical  dosages 
for  wastewater  treatment.  It  is  feasible  only  if  portable  field  test  kits 
for  rapid  determination  of  certain  critical  parameters  can  be  developed. 
Another  alternative  is  providing  on-site  measurement  of  the  flows  of  every 
contributing  waste  stream  to  the  combined  wastewater  equalization  tank. 
Knowing  the  measured  flow  data  and  the  surveyed  nature  data  for  each 
contributing  waste  stream,  the  operator  can  then  calculate  the  nature  of 
combined  wastewater  to  be  treated.  The  feasibility  of  on-site  measurement 
of  wastewater  flows  is  subjected  to  further  field  investigations. 


31 


5.  Synthetic  wastewater  prepared  with  tap  water,  laundry 
detergent,  dishwasher  detergent,  ground  bar  soap,  Bentonite  clay, 
lubricating  oil  and  canned  dog  food  was  found  to  have  characteristics 
similar  to  those  of  the  combined  wastewater  derived  from  field  kitchens, 
laundries,  and  showers, 

6.  The  laboratory-prepared  synthetic  wastewater  is  approximately 
equivalent  to  a  domestic  sewage  of  medium  strength,  according  to 
Babbitt  and  Baumann's  (Ref.  27)  sewage  classification. 


7.  The  characteristics  of  tap  water,  detergents,  soap,  clay,  oil, 
and  dog  food,  which  were  used  for  synthetic  wastewater  preparation,  were 
also  quantitatively  determined  and  discussed.  With  this  information  available, 
any  other  synthetic  wastewaters  can  also  be  prepared  by  varying  the 
proportions  of  the  materials  added.  In  the  event  that  photographic  waste- 
water,  washrack  wastewaters  and  hospital  wastewaters  are  to  be  considered 
for  combined  waste  treatment,  additional  substances  such  as  heavy  metals 
and  refractory  organics  should  also  be  added  to  the  synthetic  wastewater 
formulation. 
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WATER  REQUIREMENTS  FOR  ARMY  FIELD  OPERATIONS 


WATER  EQUIPMENT  ISSUED  TO  U.S.  ARMY  ENGINEERING  UNITS 
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One  pump  at  steady  purification  raw.  others  at  fulWrated  capacity  (or  distribution  (intermittent  operation). 


U.S.  ARMY  ADOPTED  ITEMS  OF  MATERIEL  FOR  FIELD  OPERATIONS 


APPENDIX  III  (Cont. 
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CONTROL  DATA  FOR  THE  FIELD  WASETWATERS  INDICATED  IN  TABLES  3,  5,  7,  AND  11. 
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